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Abstract 
Some novel half titanocene catalysts containing phosphodiesterase isooctyl (p204) were synthesized and their 
catalytic performances for the copolymerization of ethylene-propylene were investigated. The results showed that the 
half titanocene catalysts had a good catalytic activity in the copolymerization of ethylene-propylene. The catalytic 
properties of the catalysts were effected by the ligand p204, the mass of propylene in gas reactants, the reaction 
temperature and the pressure of copolymerization reaction, and the ratio of methylaluminoxane (MAO)/Ti. 
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1. Introduction
Dramatic advances in metallocene catalysts technology beginning in the early 1980s had impacted 
the polyolefins industry and resulted in a number of new commercial processes for the preparation of 
polyolefinic materials with new or improved performance parameters 1-3. Ligand modifications have 
played a key role in developing new “single-site” metallocene catalysts for optimizing polymerization 
activity and polymer properties. Especially, Nomura et al. 4 reported one kind of remarkable active alkene 
polymerization catalyst based on half titanocene bearing aryloxy ligands which can also be used for 
ethylene-propylene copolymerization. However, the most new heteroatom-constraining “single-site” 
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metallocene catalysts were almost not dissolved in alkanes, which greatly limited the application of these 
catalysts in the polymerization system with alkanes. For resolving the issues about catalyst solubility in 
alkanes, in this paper, some novel half titanocene catalysts containing phosphodiesterase isooctyl were 
synthesized. The catalytic properties of the catalysts for the copolymerization of ethylene-propylene, 
especially, the effect of the mass of propylene in gas reactants, the temperature and the pressure of 
copolymerization reaction, and the ratio of methylaluminoxane (MAO)/Ti, as well as the composition and 
molecular weight of the ethylene-propylene copolymer were investigated. 
2. Experimental Section 
Cp(O-2,6-iPr2C6H3)TiCl2 (I) was prepared as a yellow crystalline in high yield (87%) from CpTiCl3
by adding 1 equivalence of the lithium of 2,6-iPr2C6H3-OH in dieththyl ether at room temperature. 
Analyse calculated for C17H22OCl2Ti(%): C 56.54, H 6.14, C 19.63; found (%): C 56.54, H 6.09, Cl 19.60. 
Cp(O-2,6-iPr2C6H3)(p204)TiCl (II) was prepared as a red liquid in high yield (91%) from complex I 
by adding 1 equivalence of phosphodiesterase isooctyl and pyridine in dieththyl ether at room 
temperature. Analyse calculated for C33H56PO5ClTi(%): C 61.25, H 8.72, Cl 5.48; found (%): C 61.20, H 
8.71, Cl 5.46. 
Cpbis(O-2,6-iPr2C6H3)(p204)Ti (III) was prepared as a red liquid in high yield (89%) from complex 
II by adding 1 equivalence of the lithium of 2,6-bisisopropylphenol in dieththyl ether at room temperature. 
Analyse calculated for C45H73PO6Ti(%): C 68.51, H 9.33, Cl 0.00; found(%): C 68.48, H 9.29, Cl 0.00. 
Cp(O-2,6-iPr2C6H3) bis(p204)Ti (IV) was prepared as a red liquid in high yield (88%) from complex 
II by adding 1 equivalence of phosphodiesterase isooctyl and pyridine in dieththyl ether at room 
temperature. Analyse calculated for C49H90P2O9Ti(%): C 63.07; H 9.74; Cl 0.00. Found: C 63.01; H 9.72; 
Cl 0.00. 
( I ) ( II )
( III ) ( IV )
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3. Results and discussion 
Table 1 showed the catalytic activity of the catalysts with methylaluminoxane (MAO) for the 
ethylene-propylene copolymerization. It was found that the solubility of the catalysts was obviously 
improved in hexane solvent. The introduction of phosphodiesterase isooctyl in the single-titanocene 
molecule had significant impacted on the property of the catalyst. When a phosphodiesterase isooctyl 
group was introduced, the polymerization activity of the catalyst decreased slightly. However, the 
polymerization activity of the catalyst decreased obviously when more than one phosphodiesterase 
isooctyl group was introduced.  
Table 1. Comparison of half titanocene catalysts containing phosphodiesterase isooctyl 
Complex Activity×10-5 (g EPR/mol Ti h) Mw×10
-4 Catalyst solubility in hexane (wt%) 
I 11.40 (a) 26.06 Trace 
II 11.34 (b) 20.04 100 
III 10.89 (b) 21.33 100 
IV 5.38 (b) 13.25 100 
Polymerization conditions: 5.6×10-5 mol/L complex, MAO/complex (mol/mol) = 500, the content of propylene in gas 
phase was 71.4 wt%, 0.30 MPa, 50 , 1.0 h. All of the methods of the tests were ℃ followed by Refs. 5-8. 
(a) Toluene solvent. (b) Hexane solvent. 
Table 2 showed that the effect of the catalyst and the weight ratio of propylene and ethylene in feed. 
It indicated that, all of the propylene unit contents in copolymer, the molecular weight and the catalytic 
activity increased slightly when the weight ratio of propylene in feed increased. The increase in 
polymerization activity could be due to reduction of the ethylene unit in copolymers, which led to reduce 
of system viscosity, increase in the rate of gas diffusion, and increase in high reactivity ratio. It was found 
that the composition of copolymer can be controlled by change the content of the propylene in the 
materials. 
Table 2. Effect of mass concentration of propylene on copolymerization 
Entry Propylene in gas phase 
(wt%)
Propylene unit in polymers 
(wt%)
Activity×10-5 
(g  EPR/mol Ti h) 
Mw×10
-4
1 51.70 67.21   9.25 22.06 
2 59.90 68.38 10.86 21.19 
3 64.40 70.46 10.98 21.02 
4 66.10 76.09 11.10 20.32 
5 71.40 80.18 11.34 20.04 
Polymerization conditions: 5.6×10-5 mol/L complex , MAO/complex (mol/mol) = 500, 0.30 MPa, 50 , 1.0 h.Ⅱ Ⅱ ℃
Table 3 showed the effect of the reaction temperature on copolymerization. It was observed that the 
catalytic activity would increase into maximum step by step and then begin to decrease, and the molecular 
weight of the copolymers would decrease, when the temperature increased from 10°C to 60°C. With the 
temperature increasing, the probability of active site inactivation because of collision with each other 
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increased, and chain transfer reaction speeded up, thus the relative molecular chain length became shorter 
and molecular weight became smaller. 
Table 3. Effect of the reaction temperature on copolymerization  
Entry Temperature (oC) Activity×10-5 (g  EPR/mol Ti h) Mw×10
-4
1 10   8.22 22.44 
2 20 10.87 22.25 
3 30 11.10 21.08 
4 40 11.33 20.83 
5 50 11.34 20.04 
6 60 11.11 17.98 
Polymerization conditions: 5.6×10-5 mol/L complex II, MAO/ complex II (mol/mol) = 500, the content of propylene 
in gas phase is 71.4 wt%, 0.30 MPa, 1.0 h. 
Table 4 showed the effect of the MAO on copolymerization. It indicated that the catalytic activity 
would increase firstly, and then begin to decrease, and the molecular weight of the copolymers would 
decrease, when the MAO concentration increased in hexane solvent. With the MAO/Ti ratio increase, the 
stability of the active site increased and led to the increase of polymerization activity, chain transfer to 
MAO was increased and resulted in lower molecular weight. When MAO/Ti ratio further increased, the 
concentration of the active site decreased due to the increase of the reduction of MAO, and thus 
copolymerization activity was declined. 
Table 4. Effect of MAO on copolymerization 
Entry [MAO]/[Ti] Activity×10-5 (g  EPR/mol Ti h) Mw×10
-4
1   500 11.34 20.04 
2 1000 12.33 17.36 
3 1500 10.41 15.78 
4 2000 9.82 14.59 
Polymerization conditions: 5.6×10-5 mol/L complex II, the content of propylene in gas phase is 71.4 wt%, 0.30 MPa, 
1.0 h. 
Figure 1 showed the effect of the raw gas pressure on the yield of copolymer employing catalyst. It 
indicated that the yield of ethylene-propylene copolymer increased linearly with increasing of the raw gas 
pressure. The increase of polymerization pressure led to the increase of the concentration of the reactant 
and enhanced the degree of reaction. Thus the efficiency of the catalyst increased. The sequence 
distribution of the ethylene-propylene copolymers of the catalyst II system was characterized by NMR. 
By calculation, the reactivity ratios for ethylene and propylene were 6.71 and 0.076, respectively. It was 
indicated that the copolymers were random copolymerized. 
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Fig. 1. Effect of the raw gas pressure on the yield of copolymer. Polymerization conditions: 5.6×10-5 mol/L 
complex II, MAO/complex II (mol/mol) = 500, the content of propylene in gas phase is 71.4 wt%, 50 ℃, 1.0 h. 
4. Conclusions 
Several novel half titanocene catalysts containing phosphodiesterase isooctyl group had been 
designed and synthesized by one-pot/one-step synthesis method.  The introduction of phosphodiesterase 
isooctyl in the single-titanocene molecule had significantly impacted catalytic properties. The half 
titanocene catalysts containing phosphodiesterase isooctyl can be used as an appropriate catalyst system 
for ethylene-propylene copolymerization in hexane.  
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